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The Dubna-Mainz- Taipei (DMT) dynamical model for pion electromagnetic production, 
which describe well the existing data from threshold up to 1 GeV photon lab energy is 
presented and used to analyze recent data in the A region . We find that within DMT 
model , the bare A is almost spherical while the physical A is oblate. The deformation 
is almost saturated by the pion cloud effects. 
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It has been well recognized that the study of the excitations of the hadrons can 
shed light on the nonperturbative aspects of QCD. One case which has recently 
been under intensive study is the electromagnetic (e.m.) excitation of the A(1232) 
resonance. At low four-momentum transfer squared Q 2 , the interest is motivated by 
the possibility of observing a D— state in the A. The existence of a D— state in the 
A has the consequence that the A is deformed and the photon can excite a nucleon 
through electric E2 and Coulomb C2 quardrupole transitions, while in a symmetric 
SU(6) quark model the electromagnetic excitation of the A could proceed only via 
Ml transition. In pion electroproduction, E2 and C2 excitations would give rise 
to nonvanishing E^ 2 ^ and S^ 2 ^ multipole amplitudes. Recent experiments give 
nonvanishing ratio Rem = e[ 3 ^ /M^ 2 ^ ~ —0.03^ at Q 2 = which has been 
widely taken as an indication of the A deformation. 

At sufficiently large Q 2 , the perturbative QCD (pQCD) is expected to work. It 
predicts that only helicity-conserving amplitudes contribute at high Q 2 , leading to 
Rem = #i+ 2) /M[ 3 J 2) -> 1 and R SM = s[ 3 _/ 2) /M^ 2) -> const. This behavior in 
the perturbative domain is very different from that in the nonperturbative one. It is 
an intriguing question to find th e regio n of Q 2 which signals the onset of the pQCD. 

In the recent measurements l z l J l ^ l the e.m. excitation of the A was studied at 
0.1 < Q 2 < 4.0 GeV 2 via the reaction p(e,e'p)ir°. The extracted ratios Rem and 
Rsm remain small and negative. This indicates that pQCD is still not applica ble in 
this region of Q 2 . In this talk, we want to show that the recent data of Refs. IS£ls33l 
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can be understood from the dominance of the pion cloud contribution at low Q 2 in 
the DMT dynamical model ^ for e.m. production of pion. 

The main feature of the dynamical approach to the pion photo- and electro- 
production El is that the unitarity is built in by explicitly including the final state 
ttN interaction in the theory, namely, t-matrix is expressed as 

ty T (E) = v jn + v^- K g Q {E)t. KN {E) , (1) 

where v J7r is the transition potential operator for 7*iV — > ttN and, t„N and go 
denote the irN t-matrix and free propagator, respectively, with E = W the total 
energy in the CM frame. 

In the (3,3) channel the transition potential v J7r consists of two terms 

v^{E)=v^+v^{E), (2) 

where is the background transition potential which includes Born terms and 
vector mesons exchange contributions, as described in Ref. The second term in 
Eq. J5J) corresponds to the contribution of a bare A. 
We decompose Eq. |QJ in the following way, 

t^(E)=t^ + t^(E), (3) 

where 

(E) = + i£ .go (E) U N (E) , t% (E) = v% + g (E) U N (E) . (4) 

The advantage of such a decomposition is that all the processes which start with 
the electromagnetic excitation of the bare A are summed up in t^. 

We evaluate with pion scattering matrix t^N obtained in a meson-exchange 
model El. Note that to make principal value integration associated with conver- 
gent, we introduce a dipole form factor with cut-off parameter A=440 MeV. The 
gauge invariance, violated due to the off-shell rescattering effects, is restored by 
the substitution J B — ► J^f — k^k ■ J B /k 2 , where J B is the electromagnetic current 
corresponding to the background contribution and k is the photon momentum. 

For the the A resonance contribution t A , the corresponding multipole ampli- 
tudes A A is evaluated using a Breit-Wigner form, as was done in the isobar model 
of Ref. 0, 

A [W,Q ) - A (Q _ W 2- iMA r A e > W 

where fnA[W) is the usual Breit-Wigner factor describing the decay of the A reso- 
nance with total width Fa(W / ) and physical mass A/a=1232 MeV. The expressions 
for / 7 a, /;rA and Ta are taken from Ref. ^3. The phase (f>(W) in Eq. (JSJ is to adjust 
the phase of A A to be equal to the corresponding pion-nucleon scattering phase 
£( 33 ). Note that at the resonance energy, </){Ma) = 0. 

The main parameters in the bare 7*iVA vertex are the ^4 A 's in Eq. For 
the magnetic dipole M A and electric quadrupole £ A transitions they are related to 
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the conventional electromagnetic helicity amplitudes A A 2 and Ay 2 by A4 A (Q 2 ) = 
-\{A A 2 + V5Af /2 ) and £ A (Q 2 ) = \{-A A 2 + ^ A /2 ). 

At the photon point Q 2 = 0, the bare amplitudes M A {0) and £ A (0) of Eq. (0 
were extracted from the best fit to the results of the recent analyses of Mainz ^ 
and VPI group ^3 as shown in Fig. 1 by solid curves. The dashed curves denote 
the contribution from only. The dotted curves represented the K-matrix ap- 
proximation to t^ v , namely, without the principal value integral term included. The 
numerical values for M. A and S A , at Q 2 = 0, are given in Table. 1. Here we also 
give " dressed" values obtained using K-matrix approximation. One notices that the 
above determined bare values for the helicity amplitudes, which amount to only 
about 60% of the corresponding dressed values, are close to the predictions of the 
constituent quark model (CQM). The large reduction of the helicity amplitudes 
from the dressed to the bares ones results from the fact that the principal value 
integral part of t^ w , which represents the effects of the off-shell pion rescattering, 
contributes approximately for half of the M\ + as indicated by the dashed curves in 
Fig. 1. 

The Q 2 dependence of the A A, s is parametrized by som e functional form with 
parameters determined from fits to the data of Refs. ' ' ' I The resulting model is 
found to give an excellent de scrip tion on the data of Ref. EEH as we ll as the e.m. 
7T° production near threshold 



Amplitudes 


"bare" 


"dressed" 


PDG 




158 ±2 


289 ±2 


293 ±8 


£ A 


0.4 ±0.3 


-7 ±0.4 


-4.5 ±4.2 



Our extracted values for Rem and Rsm and a comparison with the recent results 
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of Refs.ELiElare shown in Fig. 2. Our values of Rem show a clear tendency to cross 
zero an d cha nge sign as Q 2 increases. This is in contrast with the results obtained 
in RefsPEl which concluded that Rem would stay negative with increasing Q 2 . 
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Fig 



The Q dependence of the ratios R 



EM 



and R 



SM 



at = 1232 MeV. The solid and 



dashed curves are the DMT and MAID r esults , respectively. Results of our analysis obtained using 
MAID and experimental data from RefsBEEl («). Open circles are from RefBJ 



Furthermore, we find that the absolute value of Rsm is strongly increasing. 

In summary, we calculate the Q 2 dependence of the ratios Ei + /M\ + and 
S1+/M14. in the 7*Y — > A transition, with the use of a dynamical model for 
electromagnetic production of pion. We find that the ratio E1+/AI1+ change the 
sign at Q 2 > 3.0 GeV 2 . Our results agree well with the recent measurements from 
RefsJ ' ' \ but deviate strongly from the predictions of pQCD. Our results indicate 
that the bare A is almost spherical and hence very difficult to be directly excited 

via electric E2 and Coulomb C2 quardrupole excitations. The experimentally ob- 

(3/2) (3/2) 

served and S\_l multipolcs are, to a very large extent, saturated by the 

contribution from pion cloud, i.e., pion rescattering effects. 
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